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ABNORMAL GLUCOSE LEVELS FOUND IN TRANSPORTATION ACCIDENTS


INTRODUCTION 

The Federal Aviation Administration’s (FAA) 
Office of Aviation Medicine (OAM) is tasked with 
determining the fitness of diabetic pilots to fly. There-
fore, it is important to monitor glucose levels in pilots 
involved in fatal aviation accidents to determine if 
abnormal glucose levels were a factor in the accident. 
The present study was undertaken to determine the 
concentration of glucose in postmortem vitreous 
humor and urine that could be considered abnormal. 
This information will provide accident investigators 
with medical information about the operator, which 
may help determine the cause of the accident and will 
allow OAM to closely monitor diabetic pilots who 
have been medically certified to fly. 

Many research studies have addressed the issue of 
postmortem glucose levels (1-12). These researchers 
agree that hypoglycemia cannot currently be deter-
mined from postmortem specimens using existing 
procedures. However, postmortem vitreous humor 
has proven useful in predicting hyperglycemia be-
cause “the vitreous humor of the eye constitutes an 
isolated pool of material suitable for many analyses 
and is far less susceptible than the blood to rapid 
chemical changes or contamination” (6). Therefore, 
postmortem vitreous humor was chosen as a suitable 
specimen for use in this research to determine abnor
mal postmortem glucose levels in pilots. 

A rapid decrease in vitreous humor glucose levels 
is caused by anaerobic degradation (glycolysis). An 
earlier study found vitreous humor glucose levels to 
fall 35% in 1 hour and 70% within 6 hours at room 
temperature (1). Glycolysis has been determined to 
be complete within 3.5 to 7 hours after death (11, 8). 
After 18 hours, the decrease in glucose levels stops 
(1). Cold temperatures retard glycolysis (7) and will 
delay the time for completion of glycolysis. 

Most vitreous humor glucose studies conducted 
until now have utilized relatively fresh vitreous hu
mor specimens (within 2 hours of death) to establish 
an abnormal vitreous humor glucose level. However, 
the collection of specimens and analysis of specimens 
by the FAA’s Toxicology and Accident Research 

Laboratory takes no less then 48 hours and in most 
cases specimens are not actually analyzed until about 
7 days or longer after death. Therefore, glycolysis in 
vitreous humor fluid should have been complete in 
most of the cases reported in this research. This study 
will define the abnormal vitreous humor glucose 
levels for specimens analyzed several days after death. 

The rapid decrease in postmortem vitreous humor 
glucose levels makes it extremely difficult to accu
rately predict normal antemortem vitreous humor 
levels. Data collected by Coe (6) indicate that the 
normal antemortem glucose level is much higher 
than was first thought by Sturner (12). Coe suggests 
that the antimortem vitreous humor glucose level is 
0.85 of the plasma values, which is much higher then 
the 0.50 proposed by Sturner (12). Antimortem 
blood glucose values above 200 mg/dL are consid
ered diagnostic of diabetes mellitus (14). This would 
suggest, using the conservative estimates of Coe, that 
antimortem vitreous humor levels above 170 mg/dL 
are diagnostic of diabetes mellitus. Research by 
Dimaio and Dimaio (13) has shown that normal 
vitreous humor glucose levels do not exceed 200 mg/ 
dL “even if intravenous glucose infusions are admin
istered for hours prior to death.” They have also 
found that postmortem vitreous humor glucose lev
els above 200 mg/dL are considered to be diagnostic 
of diabetes mellitus (13). 

Pilot medical certification includes the testing of 
urine for glucose. All urine glucose levels above 100 
mg/dL are considered to be abnormal and would lead 
to further testing of the applicant. Therefore, urine 
was included as a part of this research. 

METHODS AND MATERIALS 

Samples 
During the time of this study, vitreous humor, 

urine, blood, liver, kidney, muscle, heart, brain, bile, 
gastric, spinal fluid, and spleen from almost all fatal 
aviation accidents occurring in the USA were col
lected at the accident site and sent to the Civil 
Aeromedical Institute’s (CAMI’s) Toxicology and 
Accident Research Laboratory for analysis. In 
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addition, selected surface accidents were sent to the 
laboratory by the National Transportation Safety 
Board (NTSB) for analysis. Specimens are normally 
shipped to CAMI for analysis within 2 to 10 days 
after the death of the pilot or operator. The specimens 
are frozen and shipped with ice bags in an ice chest, 
the samples are normally received the next day. When 
shipped according to instructions, the temperature of 
the specimen is between 4° to 8° C. After receipt, the 
specimens are weighed and aliquoted into batches for 
the analysis of glucose, pharmacological agents, alco
hol, carbon monoxide, and cyanide. The remaining 
specimens are stored in a walk-in freezer at -20° C, 
and the batches are stored at 4° C until tested. 
Batches are issued for analysis at the end of each week. 
Specimens are normally analyzed within 5 to 10 days 
after receipt. 

Glucose Analysis 
When available, urine and vitreous humor are 

tested for glucose using a Du Pont Analyst benchtop 
chemistry system, made by Du Pont Company (Medi
cal Products, Willmington, DE). The measured glu
cose values are entered into a Microsoft Excel sheet 
for statistical analysis (Table 1). 

In this study, vitreous humor and/or urine from 
192 fatal accident victims were analyzed for the 
presence of glucose. Specimens were analyzed by a 
hexokinase method and standard glucose test strips. 
Cases with values below the lower limit of detection 
(LOD) of 10 mg/dL and above 3 standard deviations 
(SD) of the mean were not included in the final 
statistics. All cases more then 5 SD from the mean 
were deemed abnormal, and a full case history was 
evaluated. Accident case histories were obtained from 
the NTSB database. The medical history of the pilot 
was obtained from the Office of Aviation Medicine 
(OAM) Medical Certification Division, and the his
torical case aspects were compared with the glucose 
levels found. The cause of the accident reported by 
the NTSB was reviewed to check for possible in-
flight medical incapacitation of the pilot in those 
cases with abnormal glucose levels. 

RESULTS 

The mean concentration of glucose in 98 postmor
tem vitreous humor specimens was found to be 30 
mg/dL, with an SD of 21 mg/dL (Table 2). The 
median concentration occurred between 0 and 9 mg/ 

dL (Fig. 1) for all 170 vitreous humor specimens 
tested. The mean concentration of glucose in 127 
postmortem urine specimens was 27 mg/dL, with an 
SD of 16 mg/dL (Table 3). The median concentra
tion occurred between 10mg/dL and 19 mg/dL (Fig. 
1) for all 162 urine specimens tested. 

Nine (5%) of the 192 cases were identified as 
having abnormal glucose levels. There were 8 (5%) of 
the 178 subjects with a known medical history who 
were found to have a diabetic condition. Abnormal 
glucose levels were found in 5 (63%) of the 8 known 
diabetic subjects. One case, with 189 mg/dL of glu
cose in urine, had a medical history of diabetes 
controlled by hypoglycemic drugs. Another case, 
with 256 mg/dL of glucose in vitreous humor and 
8815 mg/dL of glucose in urine, had a medical 
history of diabetes controlled by diet. One diabetic 
pilot had an abnormal urine glucose level of 760 mg/ 
dL and a vitreous humor glucose level of 119 mg/dL. 
The urine glucose level of another diabetic pilot was 
found to be 2315 mg/dL. A surface accident victim 
with diabetes had a urine glucose concentration of 
1221 mg/dL. Glycosuria, or low renal threshold, was 
reported in 2 of the fatal pilots; one of these pilots had 
an abnormal glucose level in urine. This case had 
3055 mg/dL of glucose in urine and a medical history 
of glycosuria with a low renal threshold. No prior 
reported medical history, which would account for 
an elevated glucose level, was found in 2 of the pilots. 
Both of these pilots survived the accident and re
ceived emergency medical treatment, which could 
account for the elevated glucose levels found in 
vitreous fluid (5). Eight subjects were known to have 
received emergency medical treatment (Table 1). 
Only 2 of these 8 subjects had elevated vitreous 
humor glucose levels, and none of them had elevated 
urine glucose levels. 

DISCUSSION & CONCLUSION: 

A level of 125 mg/dL of glucose in postmortem 
vitreous humor, approximately 5 SD above the mean, 
was defined as being an abnormally high glucose 
level. This value was established to minimize false 
positive individuals and because all the cases in this 
range were found to have a medical reason for the 
abnormal glucose level. Based on this research, it was 
decided that a glucose level above 125mg/dL in 
postmortem vitreous humor would be diagnostic of 
a potentially incapacitating illness. The abnormal 
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Table 1.  Glucose data collected in this study. All glucose data reported in mg/dL. Interval is reported in 
days. Medical Refers to medical history of the individual: NO = No medical history for abnormal glucose 
levels; PA = Passenger no medical history on file; PM = Pilot no medical history on file; DI = Diabetic; EM = 
Emergency medical treatment; GL = Glycosuria or low renal threshold; SU = surface accident, no medical 
history on file. 

muNesaC enirU suoertiV etaDtnediccA tluseRfoetaD lavretnI lacideM 

1001030089 1 89-tcO-21 9-voN-81 3 D 

1004310089 2 4 9-yaM-62 9-guA-81 8 D 

1006810089 81 4 9-nuJ-62 9-guA-81 5 D 

1009400099 3 9 9-raM-22 9-rpA-21 2 D 

1002330089 67 11 9-ceD-40 9-naJ-31 4 D 

1000920089 188 52 9-peS-52 9-voN-71 5 D 

1002100199 221 9-nuJ-30 9-luJ-80 3 D 

1007900099 132 9-yaM-91 9-yaM-52 ID 

1008300099 1 99-raM-80 9-raM-91 1 E 

1001520089 89-peS-21 9-peS-52 1 E 

1009820089 2 1 9-tcO-01 9-voN-71 3 E 

1001130089 2 2 9-voN-01 9-voN-71 ME 

1001500099 4 4 9-raM-42 9-rpA-21 1 E 

1007410099 3 7 9-luJ-30 9-luJ-02 1 E 

1006120089 6 41 9-luJ-13 9-guA-81 1 E 

1007400099 91 9-raM-01 9-rpA-21 3 E 

1008020089 503 1 9-luJ-50 9-guA-91 4 G 

1002130089 1 9-voN-30 9-voN-71 1 G 

1002510039 0 39-nuJ-82 9-luJ-91 2 N 

1009020089 0 89-luJ-62 9-guA-81 2 N 

1003330089 0 89-voN-92 9-naJ-31 4 N 

1008330089 0 89-ceD-21 9-naJ-31 3 N 

1001400099 0 99-raM-51 9-rpA-21 2 N 

1000500099 0 99-raM-62 9-rpA-21 1 N 

1003500099 0 99-rpA-30 9-rpA-21 ON 

2007130089 1 89-voN-21 9-naJ-31 6 N 

1008230089 1 89-voN-12 9-naJ-31 5 N 

1007600099 1 99-rpA-22 9-yaM-11 1 N 

1002610099 1 99-luJ-71 9-luJ-72 1 N 

1007100099 1 89-ceD-62 9-beF-50 4 N 

1002120089 1 89-luJ-13 9-guA-81 1 N 

1007130089 1 89-voN-21 9-naJ-31 6 N 

2007100099 1 89-ceD-62 9-beF-50 4 N 

1000400099 1 99-raM-31 9-rpA-21 3 N 

1007800099 1 99-yaM-80 9-yaM-52 1 N 

1007120089 1 89-guA-20 9-guA-81 1 N 

1005030089 1 89-voN-20 9-voN-81 1 N 

1007620089 1 89-peS-80 9-voN-71 7 N 

1009720089 1 89-tcO-10 9-voN-71 4 N 

1009110099 1 99-yaM-82 9-nuJ-12 2 N 

1003800099 2 99-yaM-40 9-yaM-11 ON 

1004820089 2 89-tcO-90 9-voN-71 3 N 

1006200099 2 99-beF-50 9-raM-10 2 N 

1008220089 2 89-guA-51 9-peS-10 1 N 

1 0 8 7 I

8 3 8 8 4 I

9 5 8 8 3 I

8 7 9 9 1 I

0 9 8 9 0 I

5 6 8 8 3 I

1 9 9 5 I

5 9 9 6 

9 0 9 1 M

0 8 3 M

4 0 8 8 8 M

3 0 8 8 7 

4 0 9 9 9 M

9 1 9 9 7 M

5 7 8 8 8 M

4 9 9 3 M

5 2 8 8 5 L

4 8 8 4 L

0 3 1 O

0 8 3 O

0 9 5 O

0 9 2 O

0 9 8 O

0 9 7 O

0 9 9 

1 0 9 2 O

2 0 9 3 O

2 0 9 9 O

2 0 9 0 O

3 0 9 1 O

4 0 8 8 O

4 0 9 2 O

5 0 9 1 O

5 0 9 0 O

5 0 9 7 O

7 0 8 6 O

8 0 8 6 O

9 0 8 0 O

9 0 8 7 O

9 0 9 4 O

0 0 9 7 

1 0 8 9 O

2 0 9 4 O

3 0 8 7 O
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Table 1. (Continued) 
muNesaC enirU suoertiV etaDtnediccA tluseRfoetaD lavretnI lacideM 

1002800099 2 99-rpA-32 9-yaM-11 1 N 

1002020089 2 89-luJ-02 9-guA-81 2 N 
1006100099 2 99-naJ-72 9-beF-50 ON 
1002430089 2 89-ceD-32 9-naJ-31 2 N 
1005820089 3 89-tcO-60 9-voN-71 4 N 
1000600099 3 99-rpA-71 9-rpA-72 1 N 
1006300099 3 99-beF-11 9-raM-91 3 N 
1009330089 3 89-ceD-51 9-naJ-31 2 N 
1002320089 4 89-guA-02 9-peS-70 1 N 
1005320089 4 89-guA-22 9-peS-70 1 N 
1008010099 4 99-yaM-92 9-nuJ-80 1 N 
1008110099 6 99-nuJ-70 9-nuJ-12 1 N 
1003320089 6 89-guA-12 9-peS-70 1 N 
1008800099 99-yaM-30 9-yaM-52 2 N 
2007900099 99-yaM-91 9-yaM-52 ON 
1004610089 89-nuJ-60 9-guA-81 7 N 
1000320089 89-guA-91 9-peS-10 1 N 
2009420089 89-guA-60 9-peS-52 5 N 
1008620089 89-peS-32 9-voN-71 5 N 
1009230089 89-voN-42 9-naJ-31 5 N 
1000330089 89-voN-80 9-naJ-31 6 N 
1001330089 89-voN-92 9-naJ-31 4 N 
1003430089 89-ceD-52 9-naJ-31 1 N 
1005430089 89-tcO-01 9-naJ-31 9 N 
1005000099 99-naJ-60 9-beF-32 4 N 
1000100099 99-naJ-91 9-beF-32 3 N 
1009220089 8 1 9-guA-21 9-peS-10 2 N 
1008610099 1 9-luJ-71 9-luJ-72 1 N 
1008420089 1 1 9-peS-70 9-peS-52 1 N 
1006320089 1 1 9-luJ-91 9-peS-70 5 N 
1000210099 2 1 9-nuJ-80 9-nuJ-12 1 N 
2002420089 2 1 9-guA-92 9-peS-70 ON 
1001820089 2 1 9-tcO-80 9-voN-71 4 N 
1006310099 1 9-nuJ-91 9-luJ-80 1 N 
1002220089 2 1 9-guA-11 9-guA-81 ON 
1004220089 2 1 9-guA-51 9-peS-10 1 N 
1000520089 2 1 9-peS-20 9-peS-52 2 N 
1006220089 3 1 9-guA-41 9-peS-10 1 N 
1005820069 1 9-tcO-13 9-beF-82 21 N 
1000800099 31 9-yaM-20 9-yaM-11 ON 
1001320089 1 1 9-luJ-13 9-peS-10 3 N 
1002410099 2 1 9-nuJ-52 9-luJ-80 1 N 
1003700099 1 9-rpA-32 9-yaM-11 1 N 
1005310099 1 1 9-nuJ-81 9-luJ-80 2 N 
1004130089 1 1 9-voN-70 9-voN-71 1 N 
1002420089 2 1 9-guA-92 9-peS-70 ON 
1001810089 51 9-nuJ-52 9-guA-81 5 N 
1002100099 1 1 9-naJ-22 9-beF-32 3 N 
1008600099 1 1 9-rpA-22 9-yaM-11 1 N 
1007810089 2 1 9-luJ-10 9-guA-81 4 N 
1003210099 1 9-nuJ-30 9-nuJ-12 1 N 
1008910089 2 1 9-luJ-61 9-guA-81 3 N 
1005520089 1 9-peS-90 9-peS-52 1 N 

6 0 9 8 O

7 0 8 9 O
8 0 9 9 
9 0 9 1 O
3 0 8 2 O
5 0 9 0 O
6 0 9 6 O
9 0 9 9 O
5 0 8 8 O
8 0 8 6 O
8 0 9 0 O
4 0 9 4 O
5 0 8 7 O

0 9 2 O
0 9 6 
0 8 3 O
0 8 3 O
0 8 0 O
0 8 5 O
0 9 0 O
0 9 6 O
0 9 5 O
0 9 9 O
0 9 5 O
0 9 8 O
0 9 5 O

7 0 8 8 0 O
0 9 9 0 O

2 1 8 8 8 O
5 1 8 8 0 O
2 1 9 9 3 O
3 1 8 8 9 
9 1 8 8 0 O

1 9 9 9 O
1 2 8 8 7 
4 2 8 8 7 O
7 2 8 8 3 O
9 2 8 8 8 O

2 6 7 0 O
0 9 9 9 
2 3 8 8 2 O
3 3 9 9 3 O

3 9 9 8 O
3 4 9 9 0 O
6 4 8 8 0 O
1 4 8 8 9 
0 8 8 4 O
5 5 9 9 2 O
9 5 9 9 9 O
0 5 8 8 8 O

5 9 9 8 O
2 6 8 8 3 O

6 8 8 6 O
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Table 1. (Continued) 

muNesaC enirU suoertiV etaDtnediccA tluseRfoetaD lavretnI lacideM 

1001510089 1 1 9-nuJ-40 9-guA-81 7 N 
2001420089 6 1 9-guA-92 9-peS-70 ON 
1006500099 1 1 9-rpA-10 9-rpA-21 1 N 
1005220089 1 1 9-guA-51 9-peS-10 1 N 
1004410099 1 9-nuJ-92 9-luJ-80 ON 
1007420089 1 9-peS-40 9-peS-52 2 N 
1005720089 1 9-tcO-40 9-voN-71 4 N 
1005920089 1 1 9-tcO-81 9-voN-71 3 N 
1004320089 1 1 9-guA-40 9-peS-70 3 N 
1005120089 4 1 9-guA-40 9-guA-81 1 N 
1009500099 1 9-rpA-71 9-rpA-72 1 N 
1008000099 1 2 9-naJ-40 9-beF-32 5 N 
1002720089 2 9-tcO-30 9-voN-71 4 N 
1009610099 2 2 9-nuJ-82 9-luJ-72 2 N 
1001210099 4 2 9-nuJ-50 9-nuJ-12 1 N 
1001220089 1 2 9-guA-90 9-guA-81 ON 
1001900099 2 9-yaM-90 9-yaM-52 1 N 
1008030089 2 9-voN-40 9-voN-71 1 N 
1004920089 1 2 9-tcO-71 9-voN-71 3 N 
2004410099 2 9-nuJ-92 9-luJ-80 ON 
1001100099 1 2 9-naJ-12 9-beF-32 3 N 
1009000099 3 2 9-ceD-72 9-beF-32 5 N 
1007720089 3 2 9-tcO-50 9-voN-71 4 N 
1003510099 2 2 9-luJ-70 9-luJ-02 1 N 
1004600099 2 9-rpA-41 9-rpA-72 1 N 
1006720089 1 3 9-tcO-50 9-voN-71 4 N 
1001420089 3 9-guA-92 9-peS-80 1 N 
1002030089 2 3 9-voN-10 9-voN-81 1 N 
1009030089 2 3 9-voN-60 9-voN-71 1 N 
1005900099 3 9-yaM-11 9-yaM-52 1 N 
1006410099 3 9-luJ-20 9-luJ-02 1 N 
1000710089 3 9-nuJ-91 9-guA-81 6 N 
1009520089 3 9-peS-81 9-voN-71 6 N 
1004500099 2 3 9-rpA-10 9-rpA-21 1 N 
1004000099 3 9-naJ-20 9-beF-32 5 N 
1006910089 4 9-luJ-51 9-guA-81 3 N 
1006230089 3 4 9-voN-12 9-naJ-31 5 N 
1002600099 1 4 9-rpA-51 9-rpA-72 1 N 
1008820089 05 9-tcO-31 9-voN-71 3 N 
1003420089 3 5 9-guA-92 9-peS-70 ON 
2009610099 2 5 9-nuJ-82 9-luJ-72 2 N 
1007200099 5 9-beF-21 9-raM-10 1 N 
1009310099 5 9-nuJ-32 9-luJ-80 1 N 
1007020089 5 9-luJ-52 9-guA-91 2 N 
1002910089 1 6 9-nuJ-03 9-guA-81 4 N 
1003000099 6 9-ceD-81 9-naJ-31 2 N 
1008810089 2 6 9-luJ-01 9-guA-81 3 N 
1000300099 6 6 9-beF-02 9-raM-10 ON 
2003120089 2 6 9-guA-20 9-guA-81 1 N 
1000620089 7 9-peS-81 9-voN-71 6 N 
1000010099 2 7 9-yaM-02 9-nuJ-80 1 N 
1006610089 7 9-nuJ-61 9-guA-81 6 N 
1000510099 8 9-luJ-11 9-luJ-02 ON 
1008520089 8 9-peS-61 9-voN-71 6 N 

6 7 8 8 5 O
4 7 8 8 9 
2 8 9 9 1 O
5 8 8 8 7 O

8 9 9 9 
8 8 8 1 O
8 8 8 4 O

3 9 8 8 0 O
8 9 8 8 4 O
4 9 8 8 4 O

9 9 9 0 O
8 0 9 9 0 O

0 8 8 5 O
0 1 9 9 9 O
3 1 9 9 6 O
3 2 8 8 9 

2 9 9 6 O
2 8 8 3 O

9 3 8 8 1 O
3 9 9 9 

4 5 9 9 3 O
4 5 8 9 8 O
0 6 8 8 3 O
9 7 9 9 3 O

8 9 9 3 O
7 0 8 8 3 O

0 8 8 0 O
3 1 8 8 7 O
3 2 8 8 1 O

2 9 9 4 O
2 9 9 8 O
3 8 8 0 O
4 8 8 0 O

8 6 9 9 1 O
6 9 9 2 O
1 8 8 4 O

7 6 8 9 3 O
5 9 9 9 2 O
0 8 8 5 O
0 2 8 8 9 
2 5 9 9 9 O

7 9 9 7 O
9 9 9 5 O
9 8 8 5 O

3 0 8 8 9 O
3 8 9 6 O

9 6 8 8 9 O
7 6 9 9 9 
7 9 8 8 6 O

2 8 8 0 O
3 6 9 9 9 O

7 8 8 3 O
1 9 9 9 
9 8 8 2 O
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Table 1. (Continued) 

muNesaC enirU suoertiV etaDtnediccA tluseRfoetaD lavretnI lacideM 

1005620089 4 01 9-peS-62 9-voN-71 5 N 
1005330089 1 01 9-ceD-40 9-naJ-31 4 N 
1007300099 6 11 9-raM-80 9-raM-91 1 N 
1006330089 89-ceD-40 9-naJ-31 4 N 
1001700099 99-rpA-22 9-yaM-11 1 N 
1007000099 1 9-naJ-61 9-beF-32 3 N 
2009410099 1 9-luJ-90 9-luJ-02 1 N 
1009410099 1 9-luJ-90 9-luJ-02 1 N 
1004610099 1 9-luJ-50 9-luJ-72 2 N 
1006210099 1 9-nuJ-11 9-nuJ-12 1 N 
1009010099 1 9-yaM-92 9-nuJ-80 1 N 
1002110099 1 9-yaM-03 9-nuJ-80 ON 
1000110099 1 9-yaM-92 9-nuJ-80 1 N 
1009510099 1 9-luJ-21 9-luJ-02 ON 
1006700099 1 9-rpA-82 9-yaM-11 1 N 
1005010099 1 9-yaM-52 9-nuJ-80 1 N 
2009800099 2 9-yaM-70 9-yaM-52 1 N 
1001010099 2 9-yaM-52 9-nuJ-80 1 N 
1009800099 2 9-yaM-70 9-yaM-52 1 N 
2000900099 2 9-yaM-20 9-yaM-52 2 N 
1007510099 2 9-luJ-11 9-luJ-02 ON 
1001720089 2 9-tcO-10 9-voN-71 4 N 
2005800099 2 9-yaM-10 9-yaM-11 1 N 
1001110099 3 9-yaM-92 9-nuJ-80 1 N 
1004010099 3 9-yaM-32 9-nuJ-80 1 N 
1000720089 3 9-peS-62 9-voN-71 5 N 
1005110099 4 9-yaM-42 9-nuJ-12 2 N 
1000700099 01 9-rpA-12 9-yaM-11 2 N 
2007120089 2 89-guA-20 9-guA-81 1 P 
2008110099 7 99-nuJ-70 9-nuJ-12 1 P 
2002100099 1 1 9-naJ-22 9-beF-32 3 P 
2009000099 3 1 9-ceD-72 9-beF-32 5 P 
2001220089 1 1 9-guA-90 9-guA-81 AP 
2006610089 2 9-nuJ-61 9-guA-81 6 P 
1008120089 2 9-guA-80 9-guA-81 1 P 
2006720089 2 2 9-tcO-50 9-voN-71 4 P 
1005230089 89-voN-12 9-naJ-31 5 P 
2002820089 1 9-tcO-90 9-voN-71 3 P 
1006010019 0 19-rpA-60 9-rpA-91 1 P 
1008400099 1 99-beF-12 9-rpA-21 5 P 
2004920089 1 89-tcO-71 9-voN-71 3 P 
1007520089 6 89-peS-61 9-peS-52 MP 
1006410039 37 9-nuJ-81 9-luJ-91 3 P 
1006000189 89-nuJ-02 9-guA-81 5 S 
1001000999 1 3 9-nuJ-40 9-nuJ-12 1 S 
2001100199 2 9-nuJ-30 9-luJ-80 3 S 
1006000199 21 9-raM-51 9-rpA-21 2 S 

2 2 8 8 2 O
8 5 8 9 0 O
5 3 9 9 1 O
0 9 0 O
0 9 9 O
0 9 9 8 O
2 9 9 1 O
4 9 9 1 O
4 9 9 2 O
5 9 9 0 O
6 9 9 0 O
6 9 9 9 
7 9 9 0 O
7 9 9 8 
8 9 9 3 O
8 9 9 4 O
2 9 9 8 O
2 9 9 4 O
3 9 9 8 O
3 9 9 3 O
7 9 9 9 
9 8 8 7 O
9 9 9 0 O
1 9 9 0 O
2 9 9 6 O
9 8 8 2 O
5 9 9 8 O
0 9 9 0 O
7 0 8 6 A
1 0 9 4 A
4 3 9 9 2 A
5 3 8 9 8 A
4 6 8 8 9 

1 8 8 3 A
5 8 8 0 A

7 7 8 8 3 A
0 9 3 A
6 8 8 9 A
0 1 3 M
5 0 9 0 M
6 0 8 1 M
6 0 8 9 
0 3 3 1 M

0 8 9 U
0 3 9 9 7 U
1 9 9 5 U
1 9 9 8 U
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Table 2 . Calculation of standard deviation and mean for postmortem vitreous humor. 

#.vresbO suoertiV-X naeM-X 2^)naeM-X( 

1 1 1.02- 3.704 
2 1 1.02- 3.704 
3 1 1.02- 3.704 
4 1 1.91- 0.863 
5 1 1.91- 0.863 
6 1 1.91- 0.863 
7 1 1.91- 0.863 
8 1 1.91- 0.863 
9 1 1.91- 0.863 
01 1 1.81- 6.033 
11 1 1.81- 6.033 
21 1 1.81- 6.033 
31 1 1.81- 6.033 
41 1 1.81- 6.033 
51 1 1.81- 6.033 
61 1 1.71- 2.592 
71 1 1.71- 2.592 
81 1 1.71- 2.592 
91 1 1.71- 2.592 
02 1 1.71- 2.592 
12 1 1.71- 2.592 
22 1 1.61- 9.162 
32 1 1.61- 9.162 
42 1 1.61- 9.162 
52 1 1.61- 9.162 
62 1 1.51- 5.032 
72 1 1.51- 5.032 
82 1 1.51- 5.032 
92 1 1.51- 5.032 
03 1 1.51- 5.032 
13 1 1.41- 1.102 
23 1 1.41- 1.102 
33 1 1.41- 1.102 
43 1 1.31- 8.371 
53 1 1.31- 8.371 
63 1 1.21- 4.841 
73 1 1.21- 4.841 

#.vresbO suoertiV-X naeM-X 2^)naeM-X( 

83 1 1.21- 4.841 
93 1 1.21- 4.841 
04 1 1.21- 4.841 
14 1 1.11- 0.521 
24 1 1.11- 0.521 
34 1 1.11- 0.521 
44 1 1.11- 0.521 
54 2 1.01- 7.301 
64 2 1.01- 7.301 
74 2 1.01- 7.301 
84 2 1.9- 3.48 
94 2 1.9- 3.48 
05 2 1.9- 3.48 
15 2 1.8- 9.66 
25 2 1.8- 9.66 
35 2 1.8- 9.66 
45 2 1.7- 6.15 
55 2 1.7- 6.15 
65 2 1.5- 8.62 
75 2 1.5- 8.62 
85 2 1.5- 8.62 
95 2 1.4- 5.71 
06 2 1.3- 1.01 
16 2 1.3- 1.01 
26 2 1.2- 7.4 
36 3 1.0- 0.0 
46 3 1.0- 0.0 
56 3 8.0 6.0 
66 3 8.1 3.3 
76 3 8.1 3.3 
86 3 8.1 3.3 
96 3 8.2 9.7 
07 3 8.2 9.7 
17 3 8.3 5.41 
27 3 8.5 8.33 
37 3 8.5 8.33 
47 4 8.9 3.69 

0 8 8
0 8 8
0 8 8
1 8 1
1 8 1
1 8 1
1 8 1
1 8 1
1 8 1
2 8 5
2 8 5
2 8 5
2 8 5
2 8 5
2 8 5
3 8 8
3 8 8
3 8 8
3 8 8
3 8 8
3 8 8
4 8 1
4 8 1
4 8 1
4 8 1
5 8 4
5 8 4
5 8 4
5 8 4
5 8 4
6 8 8
6 8 8
6 8 8
7 8 1
7 8 1
8 8 4
8 8 4

8 8 4
8 8 4
8 8 4
9 8 7
9 8 7
9 8 7
9 8 7
0 8 1
0 8 1
0 8 1
1 8 4
1 8 4
1 8 4
2 8 7
2 8 7
2 8 7
3 8 1
3 8 1
5 8 7
5 8 7
5 8 7
6 8 0
7 8 4
7 8 4
8 8 7
0 8 3
0 8 3
1 2 7
2 2 0
2 2 0
2 2 0
3 2 3
3 2 3
4 2 6
6 2 3
6 2 3
0 2 6

Levey-Jennings Chart Statistics 
Conf +99% ----- 94 +3SD N= -----------98

Conf +95% ----- 73 +2SD Mean 30

Conf +68% ----- 51 +1SD Variance-- 452

Mean 30 SD -----------21

Conf -68% -------- 9 -1SD CV -----------70

Conf -95% ----- -12 -2SD

Conf -99% ----- -34 -3SD
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Table 2. (Continued) 
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#.vresbO suoertiV-X naeM-X 2^)naeM-X( 

57 4 8.01 9.611 
67 4 8.21 2.461 
77 4 8.41 5.912 
87 4 8.51 1.052 
97 4 8.81 0.453 
08 5 8.91 6.293 
18 5 8.12 9.574 
28 5 8.42 8.516 
38 5 8.62 1.917 
48 5 8.82 3.038 
58 5 8.82 3.038 
68 6 8.92 0.988 
78 6 8.23 9.6701 
88 6 8.53 8.2821 
98 6 8.53 8.2821 
09 6 8.83 7.6051 
19 7 8.04 9.5661 
29 7 8.14 6.8471 
39 7 8.24 2.3381 
49 7 8.54 1.9902 
59 7 8.64 7.1912 
69 8 8.05 3.2852 
79 8 8.85 3.9543 
89 9 8.66 4.4644 

1 2 9
3 2 6
5 2 2
6 2 6
9 2 5
0 2 9
2 2 5
5 2 5
7 2 2
9 2 8
9 2 8
0 2 1
3 2 1
6 2 1
6 2 1
9 2 1
1 2 7
2 2 1
3 2 4
6 2 4
7 2 7
1 2 0
9 2 6
7 2 2

Figure 1 . Glucose Frequency Chart
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Table 3.  Calculation of standard deviation and mean for postmortem urine. 

#.vresbO enirU-X naeM-X 2^)naeM-X( 

1 1 6.61- 8.772 
2 1 6.61- 8.772 
3 1 6.51- 5.542 
4 1 6.51- 5.542 
5 1 6.41- 1.512 
6 1 6.41- 1.512 
7 1 6.41- 1.512 
8 1 6.41- 1.512 
9 1 6.41- 1.512 
01 1 6.41- 1.512 
11 1 6.41- 1.512 
21 1 6.31- 8.681 
31 1 6.31- 8.681 
41 1 6.31- 8.681 
51 1 6.31- 8.681 
61 1 6.31- 8.681 
71 1 6.21- 5.061 
81 1 6.21- 5.061 
91 1 6.21- 5.061 
02 1 6.21- 5.061 
12 1 6.21- 5.061 
22 1 6.21- 5.061 
32 1 6.21- 5.061 
42 1 6.11- 1.631 
52 1 6.11- 1.631 
62 1 6.11- 1.631 
72 1 6.11- 1.631 
82 1 6.11- 1.631 
92 1 6.11- 1.631 
03 1 6.11- 1.631 
13 1 6.11- 1.631 
23 1 6.11- 1.631 
33 1 6.01- 8.311 
43 1 6.01- 8.311 
53 1 6.01- 8.311 
63 1 6.01- 8.311 
73 1 6.01- 8.311 

#.vresbO nirU-X e naeM-X 2^)naeM-X( 

83 1 6.01- 8.311 
93 1 6.9- 5.39 
04 1 6.9- 5.39 
14 1 6.9- 5.39 
24 1 6.9- 5.39 
34 1 6.8- 1.57 
44 1 6.8- 1.57 
54 1 6.8- 1.57 
64 1 6.8- 1.57 
74 1 6.8- 1.57 
84 1 6.8- 1.57 
94 1 6.7- 8.85 
05 1 6.7- 8.85 
15 1 6.7- 8.85 
25 1 6.7- 8.85 
35 1 6.7- 8.85 
45 1 6.7- 8.85 
55 2 6.6- 4.44 
65 2 6.6- 4.44 
75 2 6.6- 4.44 
85 2 6.5- 1.23 
95 2 6.5- 1.23 
06 2 6.5- 1.23 
16 2 6.5- 1.23 
26 2 6.4- 8.12 
36 2 6.4- 8.12 
46 2 6.4- 8.12 
56 2 6.4- 8.12 
66 2 6.4- 8.12 
76 2 6.4- 8.12 
86 2 6.3- 4.31 
96 2 6.3- 4.31 
07 2 6.3- 4.31 
17 2 6.3- 4.31 
27 2 6.3- 4.31 
37 2 6.3- 4.31 
47 2 6.3- 4.31 

0 7 7
0 7 7
1 7 3
1 7 3
2 7 9
2 7 9
2 7 9
2 7 9
2 7 9
2 7 9
2 7 9
3 7 5
3 7 5
3 7 5
3 7 5
3 7 5
4 7 1
4 7 1
4 7 1
4 7 1
4 7 1
4 7 1
4 7 1
5 7 7
5 7 7
5 7 7
5 7 7
5 7 7
5 7 7
5 7 7
5 7 7
5 7 7
6 7 3
6 7 3
6 7 3
6 7 3
6 7 3

6 7 3
7 7 0
7 7 0
7 7 0
7 7 0
8 7 6
8 7 6
8 7 6
8 7 6
8 7 6
8 7 6
9 7 2
9 7 2
9 7 2
9 7 2
9 7 2
9 7 2
0 7 8
0 7 8
0 7 8
1 7 4
1 7 4
1 7 4
1 7 4
2 7 0
2 7 0
2 7 0
2 7 0
2 7 0
2 7 0
3 7 6
3 7 6
3 7 6
3 7 6
3 7 6
3 7 6
3 7 6

Levey-Jennings Chart Statistics 
Conf +99% ----- 76 +3SD N= --------- 127

Conf +95% ----- 59 +2SD Mean 27

Conf +68% ----- 43 +1SD Variance-- 266

Mean 27 SD -----------16

Conf -68% ------ 10 -1SD CV -----------61

Conf -95% ------- -6 -2SD

Conf -99% ----- -22 -3SD
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Table 3. (Continued) 

# . vresbO e nirU-X n aeM-X 2 ^)naeM-X(

5 7 2 6.3- 4.31
6 7 2 6.3- 4.31
7 7 2 6.2- 1.7
8 7 2 6.2- 1.7
9 7 2 6.0- 4.0
0 8 2 3.0 1.0
1 8 2 3.0 1.0
2 8 2 3.0 1.0
3 8 2 3.0 1.0
4 8 2 3.0 1.0
5 8 2 3.0 1.0
6 8 2 3.1 7.1
7 8 2 3.1 7.1
8 8 2 3.1 7.1
9 8 2 3.2 4.5
0 9 2 3.2 4.5
1 9 2 3.2 4.5
2 9 2 3.2 4.5
3 9 2 3.2 4.5
4 9 2 3.2 4.5
5 9 3 3.3 0.11
6 9 3 3.3 0.11
7 9 3 3.4 7.81
8 9 3 3.5 4.82
9 9 3 3.6 0.04
0 01 3 3.7 7.35
1 01 3 3.8 4.96

3 7 6 
3 7 6 
4 7 3 
4 7 3 
6 7 5 
7 3 1 
7 3 1 
7 3 1 
7 3 1 
7 3 1 
7 3 1 
8 3 7 
8 3 7 
8 3 7 
9 3 3 
9 3 3 
9 3 3 
9 3 3 
9 3 3 
9 3 3 
0 3 9 
0 3 9 
1 3 6 
2 3 2 
3 3 8 
4 3 4 
5 3 0 

postmortem vitreous humor value was set at approxi
mately 5 SD above the mean to remain conservative 
and reduce the risk of including individuals with 
normal glucose levels. All the subjects tested with a 
postmortem vitreous humor glucose concentration 
above 125 mg/dL had a previous medical history that 
would account for the elevated levels. Postmortem 
glucose blood levels above 200 mg/dL are considered 
diagnostic of hyperglycemia (11). Therefore, post-
mortem vitreous humor glucose levels above 170 mg/ 
dL, which is 85% of the blood glucose level (10), 
should be diagnostic of hyperglycemia. The rapid 
loss of 70% of glucose in postmortem vitreous humor 
within the first 6 hours (7) after death would suggest 
that postmortem vitreous humor glucose levels above 
51 mg/dL in samples tested more than 6 hours after 

#.vresbO enirU-X naeM-X 2^)naeM-X( 

201 3 3.8 4.96 
301 3 3.9 0.78 
401 3 3.01 7.601 
501 3 3.11 3.821 
601 3 3.21 0.251 
701 3 3.21 0.251 
801 3 3.21 0.251 
901 3 3.21 0.251 
011 4 3.51 0.532 
111 4 3.61 6.662 
211 4 3.71 3.003 
311 4 3.71 3.003 
411 4 3.81 0.633 
511 4 3.81 0.633 
611 4 3.12 0.554 
711 4 3.12 0.554 
811 6 3.73 5.3931 
911 6 3.73 5.3931 
021 6 3.83 2.9641 
121 6 3.83 2.9641 
221 6 3.83 2.9641 
321 6 3.93 9.6451 
421 6 3.04 5.6261 
521 7 3.44 2.5691 
621 8 3.06 7.9363 
721 01 3.37 3.7735 

5 3 0
6 3 6
7 3 2
8 3 8
9 3 5
9 3 5
9 3 5
9 3 5
2 3 3
3 3 9
4 3 5
4 3 5
5 3 1
5 3 1
8 3 0
8 3 0
4 3 8
4 3 8
5 3 4
5 3 4
5 3 4
6 3 0
7 3 7
1 3 1
7 3 9
0 3 9

death should be considered abnormal. The frequency 
chart (Fig. 1) indicates that very few cases (<15%) 
were found with a postmortem vitreous humor glu
cose level above 51 mg/dL. Our results are consistent 
with earlier reports for normal glucose levels of 30-80 
mg/dL in human postmortem vitreous humor (12). 

A level of 100 mg/dL of glucose in postmortem 
urine, approximately 5 SD above the mean, was 
considered to be abnormal. This value was chosen to 
avoid false positive results and because pilots with a 
urine glucose level above 100 mg/dL at the time of 
their physical would be considered abnormal. Post-
mortem urine glucose concentrations above 100 mg/ 
dL were determined to be abnormal and indicators of 
a medical abnormality. This is based on the mean 
postmortem glucose level of 27 mg/dL and the SD of 
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16 mg/dL for all accident victims. All of the subjects 
tested with a postmortem urine glucose concentra
tion above 100 mg/dL had a previous medical history 
that could account for the elevated levels. 

Elevated glucose levels in postmortem vitreous 
humor and urine can help identify transportation 
operators with pre-existing medical conditions that 
may have been an important factor in accident causa
tion. Hyperglycemic conditions can be tracked using 
postmortem vitreous humor and urine glucose levels. 
Hypoglycemic conditions cannot be determined us
ing postmortem vitreous humor glucose levels due to 
the rapid drop in postmortem vitreous humor glu
cose levels. This was determined by comparing the 
median postmortem vitreous humor glucose level of 
0 to 9 mg/dL and the normal antimortem vitreous 
humor glucose level (63 mg/dL to 90 mg/dL). 

Emergency medical treatment has been consid
ered as a possible cause for elevated glucose levels (5), 
and this study did find 2 subjects with abnormal 
vitreous humor glucose levels who received emer
gency medical treatment. However, the majority (75%) 
of the victims receiving emergency medical treatment 
did not have elevated vitreous humor glucose levels. 
None of the individuals receiving emergency medical 
treatment had elevated urine glucose levels. 

It is important to note that all of the cases with an 
elevated glucose level had been identified during the 
normal medical certification process or could be 
explained by post-accident medical treatment. This 
is a 100% success rate for the medical certification 
process in identifying medical conditions that result 
in abnormal glucose levels. The NTSB determined 
that the mishap associated with a glucose level of 
3055 mg/dL in the urine and a 12 mg/dL of glucose 
in vitreous humor was caused by pilot error. The 
remaining accidents are still under investigation by 
the NTSB. 

REFERENCES 

1.� Bray M, Luke JL, Blackbourne BD. Vitreous 
humor chemistry in deaths associated with rapid 
chilling and prolonged freshwater immersion. J 
Forensic Sci 1983 Jul; 28(3):588-93. 

2.� Moses, RA. Adler’s Physiology of the eye clinical 
application. 7th ed, St. Louis: C.V. Mosby Co.; 
1981. 

3.� Sippel H, Mottonen M. Combined glucose and 
lactate values in vitreous humour for postmortem 
diagnosis of diabetes mellitus. Forensic Sci Int 
1982; 19:217-22. 

4.� Schoning P, Strafuss AC. Postmortem biochemi
cal changes in canine vitreous humor. J Forensic 
Sci 1980 Jan; 25(1):53-59. 

5.� Peclet C, Picotte P, Jobin F. The use of vitreous 
humor levels of glucose, lactic acid and blood 
levels of acetone to establish antemortem hy
perglycemia in diabetics. Forensic Sci Int 1994; 
65:1-6. 

6.� Coe J. Postmortem chemistries on human vitre
ous humor. The Am J Clin Pathol 1969; 
51(6):741-50. 

7.� Bray M. The effect of chilling, freezing, and 
rewarming on the postmortem chemistry of 
vitreous humor. J Forensic Sci 1984 Apr; 
29(2):404-11. 

8.� Pex JO, Meneely KD, Andrews FC. Time of 
death estimation in blacktail deer by temperature 
and aqueous humor glucose. J Forensic Sci 1983 
Jul; 28(3):594-600. 

9.� Bray M. The eye as a chemical indicator of envi
ronmental temperature at the time of death. J 
Forensic Sci 1984 Apr; 29(2):396-403. 

10.� Coe, JI. Use of chemical determinations on vitre
ous humor in forensic pathology. J Forensic Sci 
1972 Oct; 17(4):541-6. 

11. Hamilton-Paterson JL, Johnson, EW. Postmor
tem glycolysis. J Path Bact 1940 May; 
50(3):473-82. 

12.� Sturner WQ, Gantner GF. Postmortem vitreous 
glucose determinations. J Forensic Sci 1964 Oct; 
9(4):485-91. 

13.� Dimaio DJ, Dimaio VJM. Forensic Pathol Lon-
don: CRC Press; 1993. 

14.� Sacher RA. Widmann’s Clinical interpretation of 
laboratory tests. 10th ed. Philadelphia: F.A. Davis 
Company; 1991. 

11





